Prior to fertilization, mammalian spermatozoa need to acquire fertilizing ability (capacitation) in the female reproductive tract. On the other hand, capacitated spermatozoa reversibly lose their capacitated state when treated with seminal plasma (decapacitation). Previously, we demonstrated that a mouse seminal plasma protein, SVS2, is a decapacitation factor and regulates sperm fertilizing ability in vivo. Here, we examined the mechanisms of regulation of fertilizing ability by SVS2. Capacitation appears to be mediated by dynamic changes in lipid rafts since release of the cholesterol components of lipid rafts in the sperm plasma membrane is indispensable for capacitation. When the ejaculated spermatozoa were stained with a cholera toxin subunit B (CTB) that preferably interacts with ganglioside GM1, another member of the lipid rafts, the staining pattern of the sperm was the same as the binding pattern of SVS2. Interestingly, SVS2 and CTB competitively bound to the sperm surface with each other, suggesting that the binding targets of both molecules are the same, that is, GM1. Molecular interaction studies by the overlay assay and the quartz crystal microbalance analysis revealed that SVS2 selectively interacts with GM1 rather than with other gangliosides. Furthermore, external addition of GM1 nullified SVS2-induced sperm decapacitation. Thus, ganglioside GM1 is a receptor of SVS2 and plays a crucial role in capacitation in vivo.
INTRODUCTION
Mammalian spermatozoa are ejaculated into the vagina or the uterus and swim toward the ampulla of the oviduct. The spermatozoa have no capacity to fertilize oocytes immediately after ejaculation; they gain fertilizing ability after residing in the uterus for an appropriate time period [1, 2] . This timedependent acquisition of fertilizing ability is termed sperm capacitation, and capacitated sperm can undergo the acrosome reaction, penetrate into the zona pellucida, and, finally, bind and fuse with oocytes. The early events during sperm capacitation include changes in the lipid composition and distribution within the plasma membrane [3, 4] . Albumin and methyl-b-cyclodextran, in particular, can induce cholesterol efflux from the plasma membrane, which promotes sperm capacitation [5] [6] [7] [8] . Concomitantly, these molecules desorb ganglioside and sialic acid from sperm plasma membrane [9, 10] , which suggest that the cholesterol colocalized with ganglioside and sialic acid have an important role for sperm capacitation. Generally, cell plasma membrane naturally forms cholesterol-and sphingolipid-enriched stabilized microdomain, named lipid rafts, which facilitate assembly of raftophilic molecules and are involved in some signaling and trafficking. On the other hand, the decrease in membrane cholesterol is prevented when sperm are decapacitated by seminal plasma or by the decapacitation factor [9, 11] . Previously, we showed that the mouse semen-coagulating protein, namely, SVS2, functioned as a decapacitation factor in vivo. SVS2 initially binds to the postacrosomal region of the sperm head and shifts to the equatorial segment during sperm migration through the uterus [12] . SVS2 also inhibits the increase in protein tyrosine phosphorylation and progesterone-and ionomycin-induced acrosome reaction [12] . Fraser [13] reported that a decapacitation factor purified from mouse epididymis binds to a GPIanchored protein that often associates with lipid rafts. Recently, Src kinase associated with lipid rafts was reported to be involved in protein tyrosine phosphorylation that occurs during sperm hyperactivation and capacitation [14] . Seminal plasma and decapacitation factor also inhibit the increase in protein tyrosine phosphorylation [12, 15] . These studies suggest that the lipid rafts participate in the triggering signaling events during sperm capacitation. Moreover, the GPI-anchored receptor of the decapacitation factor and ganglioside GM1 localize at the postacrosomal region of the mouse sperm head in both cases [13, 16] . The localizing pattern resembles the binding pattern of SVS2 on the sperm surface. Ganglioside GM1 has saturated fatty acyl chains and should prefer a less fluid membrane and promote the formation of stable lipid rafts [17] . Lipid rafts are known to act as modulators of signal transduction in a variety of systems [18] . Thus, the lipid raft compartment of the sperm may be involved in sperm capacitation and decapacitation mediated by SVS2. However, the molecular mechanism of SVS2-induced decapacitation remains unknown, and the mechanism of sperm capacitation is also uncertain.
In the present study, to understand the mechanism of regulation of fertility by SVS2, we attempted to identify the SVS2 receptor on mouse sperm surface and, particularly, the relation between SVS2 and gangliosides. We found that ganglioside GM1 is a receptor of SVS2 and plays a crucial role in capacitation in vivo.
MATERIALS and METHODS

Ethics
All experiments were performed with the approval of the Animal Care Committee of the University of Tokyo.
Preparation of Native SVS2
Seminal vesicles were isolated from 9-13-wk-old male mice (CD-1; Charles River Japan) by dissection. The seminal vesicle fluid was collected, dissolved in PBS (pH 7.5), and centrifuged at 10 000 3 g at 48C for 10 min. The supernatant was separated using a gel filtration column (1 3 50 cm, Bio-Gel P-30; Bio-Rad Japan) in PBS, and an approximately 40-kDa protein was isolated as native SVS2 (nSVS2). Following desalination and lyophilization, purified nSVS2 was stored at À208C until use.
Preparation of Mouse Sperm
Epididymal sperm were collected from 9-13-wk-old male mice (C57BL/6J; Charles River Japan) and capacitated in HS medium (135 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , 2 mM CaCl 2 , 30 mM Hepes, 10 mM glucose, 10 mM lactic acid, 1 mM pyruvic acid, 5 mg/ml BSA, 15 mM NaHCO 3 , pH 7.4) at 378C under 5% CO 2 , as described previously [19] .
The ejaculated sperm were collected in the following manner. Female mice aged 8-19 wk were mated with 9-13-wk-old males. Sperm were collected at 3 h after copulation when sperm were first detected in the oviduct. Subsequently, the female mice were euthanized, and their reproductive tracts were separated into the following four parts: the oviduct, the uterine region near the oviduct, the uterine region near the cervix, and the vagina. The contents of each part were obtained by flushing the tract with 1 ml PBS. The contents were then centrifuged at 2000 3 g, and the sperm pellets from each part were collected.
Localization of SVS2 and GM1 in Sperm
The nSVS2 was conjugated with Alexa 568 by using the Alexa Fluor 568 protein labeling kit (Invitrogen Japan KK). The ganglioside GM1 (Galb1!3GalNAcb!4(NeuAca2!3)Galb1!4Glcb1!1 0 Cer) was visualized using FITC-conjugated cholera toxin subunit B (FITC-CTB) (Sigma), a known GM1-specific ligand [20] . Alexa 568-conjugated nSVS2 at a final concentration of approximately 2.5 lM or an equal volume of 100 lg/ml FITC-CTB in PBS containing 0.5% (w/v) BSA was added to the epididymal sperm suspension, and the suspension was incubated at 378C for 1 h in an atmosphere containing 5% CO 2 . The sperm were washed two times, fixed with 4% (w/v) paraformaldehyde, and observed using a fluorescent microscope (Olympus IX-71; Olympus) equipped with a U-MWIG2 mirror unit (Olympus). For competitive inhibition experiments, epididymal sperm pretreated with nSVS2 or FITC-CTB were incubated with FITC-CTB or Alexa 568-conjugated nSVS2, respectively.
Extraction of Sperm Lipid
Total lipids were extracted from sperm by the method of Folch et al. [21] . Briefly, lipids from the epididymal sperm of nine male mice were extracted with 30 ml 2:1 (v/v) chloroform:methanol (C:M) by maintaining it for 3 h at room temperature. After centrifugation at 1400 3 g for 15 min, the precipitate was extracted with 30 ml 1:1 (v/v) C:M by maintaining it for 3 h at room temperature. The residue was extracted again with 30 ml of 30:60:8 (v/v) C:M:H 2 O, followed by incubation for 3 h at room temperature. The supernatants collected from each of the three extractions were combined and evaporated. The dried residue was dissolved in 15 ml of 0.1 M NaOH in methanol and incubated for 2 h at 408C. After alkalinization in the previously described manner, the extract was neutralized by addition of 1 N HCl, and subsequently three drops of distilled water and 15 ml of hexane were added to the extract and mixed. The mixture was centrifuged for 15 min at 1000 3 g, and the upper (hexane) layer was obtained and evaporated. The dried residue was dissolved in 5 ml of water by sonication for 30 min and then dialyzed with 500 ml of distilled water. After evaporation, the residue was dissolved in 2:3 (v/v) C:M, and the product obtained was used as a sperm lipid extract.
High-Performance Thin-Layer Chromatography
Ganglioside samples (GM1, GM2, and the sperm lipid extract) were applied onto a high-performance thin-layer chromatography (HPTLC) plate (10 3 10 cm, silica gel 60F 254 ; Merck Japan), the plate was developed in 55:45:8 (v/v) C:M:0.2% CaCl 2 , and the gangliosides were visualized by spraying with a resorcinol-HCl reagent [22] followed by heating at 1508C.
For detection of GM1, HRP-labeled CTB was used. The developed HPTLC plate was dried and dipped for 30 sec in 0.4% (w/v) polyisobutylmethacrylate (Sigma) in 1:5 (v/v) chloroform:hexane to prevent the loss of silica. The plate was incubated overnight at 48C with 5% (w/v) blocking agent (GE Healthcare) in TBS with 0.1% (v/v) Tween 20 (TBS-T) followed by overnight incubation at 48C with HRP-CTB (dilution 1:500) (Sigma) in TBS. After washing with blocking agent in TBS-T, the CTB-binding signal was visualized using the ECL Plus Western Blotting Detection System (GE Healthcare).
GM1/CTB Overlay Assay
The seminal vesicle fluid, native SVS2, BSA, casein, and RNase were resolved in SDS-PAGE sample buffer, separated by Tricine SDS-PAGE on 16% polyacrylamide gel, and transferred onto a PVDF membrane (Millipore). The membrane was blocked by overnight incubation at 48C with 5% (w/v) blocking agent (GE Healthcare) in TBS-T. After washing with TBS-T, the membrane was incubated with 1 nM GM1 (Sigma) in PBS for 3 h at room temperature. Following treatment with 1 mg/ml CTB-HRP (Sigma) in PBS for
Acrosome Reaction Assay
Standard GM1 or asialo GM1 in methanol was dried using an evaporator and dissolved in the HS medium with or without SVS2 at a final concentration of 1 or 10 lM. The HS medium containing GM1 or asialo GM1 was used for the acrosome reaction assay. Epididymal sperm were incubated in the HS medium for 3 h at 378C in an atmosphere containing 5% CO 2 and were treated with 15 lM ionomycin for 10 min at room temperature. To examine effects of CTB on sperm capacitation, epididymal sperm were incubated in the HS medium containing 0-100 lM CTB for 0.5-3 h at 378C and treated with 15 lM ionomycin for 10 min at room temperature.
The acrosome-reacted sperm were assessed by staining with FITCconjugated Arachis hypogaea lectin (PNA; Sigma) according to a previously described method [12] with minor modifications. Briefly, the ionomycintreated sperm were smeared onto microscope slides, air-dried, and fixed with absolute methanol for 10 min at room temperature. FITC-PNA solution (50 lg/ ml) in PBS was spread over each slides and then incubated in a dark, moist chamber for 30 min at 378C. After the incubation, the slides were washed with PBS and observed with a fluorescent microscope (BX-51; Olympus) equipped with a U-MNIBA2 mirror unit (Olympus).
Statistical Analysis
Data are expressed as the mean 6 SD. The probability of statistically significant data was calculated using Student t-tests.
RESULTS
SVS2 and CTB Competitively Bind to the Sperm Surface
Previously, we showed that SVS2 initially bound to the postacrosomal region of the sperm head and then shifted to the equatorial segment [12] . These staining patterns are similar to that of lipid rafts [13, 16] ; thus, SVS2 may interact with the lipid raft compartment of the sperm. To examine the hypothesis 1154 that SVS2 interacts with the lipid rafts, we attempted double staining of the sperm surface with SVS2 and CTB, which is a known GM1-selective ligand [20] . Surprisingly, SVS2 and CTB competed with each other, and we were unable to perform double staining using them. When the epididymal sperm were incubated with the Alexa 568-labeled SVS2, SVS2 bound to the postacrosomal region, as described previously (Fig. 1A) . However, if the sperm were further stained with the FITClabeled CTB, the sperm scarcely showed the fluorescence of FITC-CTB (Fig. 1A) as compared to the CTB-stained sperm, which were not preincubated with SVS2 (Fig. 1B) . On the other hand, preincubation with CTB prevented sperm binding to Alexa 568-labeled SVS2 (Fig. 1B) . These results suggest that SVS2 interacts with GM1; that is, GM1 is a strong candidate sperm surface SVS2 receptor.
CTB Selectively Binds to Ganglioside GM1
It is known that CTB preferably binds to gangliosides in the following sequence: GM1 . GM2 . GD1a . GM3 . CT1b . GD1b . asialo GM1 [25] . Since CTB can recognize other sperm surface gangliosides, it should be examined whether CTB, in fact, recognizes GM1 on the sperm surface. When standard GM1 and GM2 were separated by silica gel HPTLC and visualized by resorcinol/HCl reagent, GM1 and GM2 were identified at an Rf of 0.26 and 0.32, respectively (Fig. 2) . After the HPTLC plate was applied to the HRP-CTB overlay, a CTB signal was shown at the GM1 position (Rf ¼ 0.26) even in a standard GM2 sample (Fig. 2) . Since purity of the GM2 reagents was 95%, GM1 likely was contaminated in the GM2 reagents. The gangliosides extracted from the epididymal sperm showed many bands on the HPTLC plate, and the overlay of HRP-CTB visualized a single band at the same position with GM1 (Fig. 2) . These results show that CTB selectively recognizes GM1 among the sperm surface gangliosides.
Analysis of the Interaction Between SVS2 and Gangliosides
The interaction between SVS2 and GM1 was examined by a GM1/CTB overlay assay. GM1 is specifically bound to SVS2 in the seminal vesicle proteins; however, it did not bind to concentrations of BSA, casein, and RNase equal to that of SVS2 (Fig. 3A) .
Next, the binding kinetics between SVS2 and GM1 was measured by the QCM assay. The K d value of GM1 to SVS2 is 4.8 6 0.5 lM and DM max of 972.2 6 35.1 ng (Fig. 3B) . On the other hand, asialo GM1, which is a GM1 derivative lacking the sialic acid residue, scarcely bound to SVS2 (Fig. 3B ). GM2 and GD1a showed weak binding with SVS2; however, their binding amounts were significantly lower than that of GM1 (GM2: (Fig. 3B) . These results indicate that SVS2 selectively binds to GM1. SVS2 appears to recognize the sialic acid of GM1 for binding, and the position of sialic acids is important in this process.
GM1 Mediates SVS2-Induced Sperm Decapacitation
Previously, we reported that SVS2 acts as a native decapacitation factor of mouse sperm [12] . If SVS2, in fact, interacts with GM1 on the sperm surface in vivo, external addition of GM1 must block SVS2-induced sperm decapacitation. We observed that extrinsic GM1, in fact, blocks sperm decapacitation by SVS2. The capacitation state was evaluated by the rate of ionomycin-induced acrosome reaction. When epididymal spermatozoa were incubated in the SVS2-containing HS medium without GM1, the rate of sperm capacitation was low; that is, the sperm were decapacitated by SVS2 (Fig.   FIG. 1 . Staining with FITC-labeled CTB and Alexa 568-labeled nSVS2 on epididymal sperm. A) The sperm pretreated with Alexa 568-conjugated nSVS2, then stained with FITC-labeled CTB (SVS2 . CTB). A strong SVS2 signal was observed on the postacrosomal region of the sperm head, and the midpiece showed a weak signal. However, the CTB signal was scarcely observed on the entire sperm cell. B) Sperm prestained with FITClabeled CTB, then treated with Alexa 568-conjugated nSVS2 (CTB . SVS2). The CTB-binding pattern was similar to the SVS2-binding pattern (see A). Pretreatment with CTB greatly reduced the SVS2-binding signal. These photographs are the representative results of four independent experiments. Bar ¼ 10 lm. 
GM1 IS A RECEPTOR OF THE DECAPACITATION FACTOR
4A). On the other hand, addition of GM1 to the SVS2-containing HS medium increased the proportion of the capacitated sperm. At concentrations .1 lM, GM1 completely rescued the sperm from decapacitation by SVS2 (Fig. 4A) . Moreover, asialo GM1 did not block SVS2-induced sperm decapacitation (Fig. 4A) .
These results suggest that binding of SVS2 to GM1 on the sperm membrane results in decapacitation of the mouse sperm. Since the binding site of GM1 for SVS2 looks the same as that for CTB (see Fig. 1 ), we examined whether CTB could mimic the effect of SVS2 on sperm capacitation. Indeed, CTB could induce decapacitation-like effect as well as SVS2. When sperm were preincubated with CTB and we examined the capacitation state as described previously, 10 lM of CTB was enough to inhibit the sperm capacitation (Fig. 4B) . Therefore, GM1 on the sperm surface acts as a receptor of SVS2 and mediates capacitation of the mouse sperm.
Distribution of GM1 in the Ejaculated Sperm
CTB is known to recognize ganglioside GM1 and bind to the postacrosomal region of the sperm head [16] . The binding pattern of CTB appears similar to that of SVS2. In order to examine the relationship between the SVS2-binding region and the distribution of GM1 on the sperm surface, we examined the binding pattern of CTB on the ejaculated sperm collected from the female reproductive tract. In the vagina and the uterine region near the cervix, a strong CTB signal was detected mainly on the postacrosomal region and a slight signal on the entire head (Fig. 5, A and B, and Table 1 ). When the sperm passed through the uterus, the staining pattern of CTB shifted from the postacrosomal region to the equatorial segment of the sperm head ( Fig. 5C and Table 1) , and the CTB signal of many sperm reached the oviduct disappeared ( Fig. 5D and Table 1 ). These CTB-binding patterns were almost the same as the SVS2-binding patterns [12] . On the ejaculated sperm, CTB and SVS2 also showed exclusive binding, though extrinsic SVS2 bound weakly to regions not bound by CTB (Fig. 5) . These results support that GM1 on the sperm surface acts as a receptor of SVS2 in vivo.
DISCUSSION
Here, we showed that ganglioside GM1 is a sperm surface receptor of the mouse decapacitation factor, SVS2. This selective binding between SVS2 and GM1 is mediated by the sialic acid of GM1 since asialo GM1 could not bind to SVS2. One of the most intriguing issues in this study is that a ganglioside on the plasma membrane and not protein acts as a receptor of the extracellular ligand protein SVS2. Particularly, sialic acid is critical for the interaction. Sialic acids have a carboxylate at the 1-carbon position and show a negative charge (pK a ¼ 2.6) at a physiological pH; in contrast, SVS2 has a high lysine content and a positive charge. Thus, one possible reason why SVS2 binds to GM1 is an electrostatic difference between the two molecules. In our preliminary results, the binding amount of GM1 to SVS2 under pH 9 conditions was smaller than that under pH 7 conditions (data not shown). This result supports the hypothesis that the interaction between GM1 and SVS2 is caused by an electrostatic difference. However, GM2, which has one sialic acid, and GD1a, which has two sialic acids, showed weaker interaction with SVS2 than GM1 (Fig. 3) ; thus, the position of sialic acid is also important for the interaction. Another reason for the binding is that SVS2 has some binding motif that can recognize GM1. One of the consensus sequences for recognizing sialic acid is a FIG. 5. Representative GM1 distribution and SVS2-binding ability in the ejaculated sperm stained with CTB obtained from (A) the vagina, (B) the uterine region near the cervix, (C) the uterine region near the oviduct, and (D) the oviduct. GM1 was visualized using FITC-labeled CTB, and SVS2-binding ability was examined by Alexa 568-conjugating SVS2. Percentages of the different SVS2 binding patterns detected on the sperm are shown in Table 1 . These photographs are representative results of three independent experiments. SVS2 . CTB: the sperm pretreated with Alexa Figure 5 . c Each experiment had a tendency to get a similar proportion of the sperm-CTB binding pattern in the same location.
V-set Ig-like domain at the NH 2 terminus of a lectin, namely, siglec [26, 27] . It has been reported that the consensus sequence (W/F)RxL(xP/Px)xFxx(Rx/xR)xP contributes to the GM1-binding ability of peptides [28] . However, such sialic acid-or GM1-binding motifs are not found in SVS2. Moreover, domain or motif prediction analysis of SVS2 using SMART (http://smart.embl-heidelberg.de), MOTIF (http:// motif.genome.jp), and PSORT WWW Server (http://psort. nibb.ac.jp) could not detect any binding domain, except the homology with human SEMG. Recently, it has been reported that simian virus 40 (SV40) capside protein VP1 recognizes the GM1 mediated by its structural conformation [29] . Additionally, the SV40-GM1 complex reveals a parallel to CTB, although there is no structural conservation of the individual interactions, and CTB has a much higher affinity for GM1. Thus, despite the fact that GM1 binding domain is not found in SVS2, it has implications in that SVS2 binds GM1 by an unknown construct. Investigations on the GM1-binding site of SVS2 are required to understand the mechanism of interaction between SVS2 and GM1. Ganglioside GM1 is implicated in the regulation of cellular proliferation and development in neuronal cells, which are mediated by the sustained increase in [Ca 2þ ] i [30] and/or the activation of a mitogen-activated protein kinase isoform MAPK1 (also known as ERK2) [31] . In Jurkat T cells, GM1 is known to trigger a sustained elevation in [Ca 2þ ] i in a few seconds and induce early tyrosine phosphorylation of numerous proteins, including phospholipase C c1/d1, in parallel [32, 33] . Moreover, CTB and anti-GM1 antibody could elicit these activities [34] and change the membrane potential, resulting in the activation of voltage-dependent K þ channels [35, 36] . On the other hand, sperm capacitation and acrosome reaction also accompany the phenomenon modulated by lipid rafts. During capacitation, the sperm plasma membrane becomes hyperpolarized due to an enhancement in K þ permeability and activation of many voltage-dependent channels existing in the sperm membrane [37, 38] . One of the voltage-dependent Ca 2þ channels initially provokes a transient increase in [Ca 2þ ] i , and higher levels of [Ca 2þ ] i are further sustained by Ca 2þ influx via phospholipase C/IP 3 -dependent store-operated Ca 2þ channels [19, 37, [39] [40] [41] . Moreover, tyrosine phosphorylation of numerous proteins including MAPK3/1 (ERK1/2) has been known to be important for sperm capacitation and acrosome reaction [42] [43] [44] . Therefore, it is possible that the downstream of GM1 on the sperm membrane is similar to signal transduction of the lipid rafts observed in neuronal and/or T cells.
Previously, we showed that SVS2 was bound to the sperm in vivo and changed the binding patterns during the passage of sperm through the female reproductive tract [12] . In the present study, GM1 showed similar localization changes as SVS2: the localization pattern of GM1 shifted from the postacrosomal region to the equatorial segment when the sperm migrated to the uterine cavity ( Fig. 5 and Table 1 ). GM1 disappeared from the sperm head in the oviduct, at which time the sperm can undergo the acrosome reaction [12] . A similar change in GM1 distribution has been shown during in vitro capacitation of epididymal sperm [45] . On the other hand, the localization pattern of GM1 in native condition appeared to remain unchanged in the uterus. During sperm capacitation, cholesterol and some gangliosides are removed from the sperm membrane [9, 10] and seminal plasma, and purified decapacitation factor inhibits the efflux of these lipid components [9, 11] . Thus, it is possible that SVS2 binds to GM1 and prevents lipid modification, resulting in the inhibition of sperm capacitation. Further experiments regarding the signaling from the SVS2/GM1 interaction on the sperm surface will contribute to new knowledge regarding the regulation of mammalian sperm fertility, resulting in new methods of contraception and therapy of male sterility.
In the present study, FITC-CTB and extrinsic Alexa564-SVS2 could bind to the ejaculated sperm and show similar binding patterns to intrinsic SVS2-binding; however, the bindings were weak (Fig. 5 ), perhaps because a major part of GM1 already binds to intrinsic SVS2. This is supported by the result that the sperm in the uterus near the oviduct is more intensely labeled with FITC-CTB/Alexa564-SVS2 than that of the uterus near the cervix and vagina. On the other hand, extrinsic Alexa564-SVS2 showed weak signals on the sperm head regions where the FITC-CTB could not bind (Figs. 1 and  5 ). Considering that SVS2 also weakly binds to GM2 in QCM assay (Fig. 3B) , excess SVS2 may bind to some ganglioside besides GM1 on the sperm surface.
We demonstrate here colocalization of SVS2 and GM1 on the sperm membrane; however, the exact localization of these is still unclear because the GM1-staining patterns on the sperm easily changed on sperm death [46] . Selvaraj et al. [46] proposed a CTB-staining method using a strong fixative for reflecting the native CTB-staining pattern and showed that GM1 is located on the acrosomal plasma membrane of epididymal sperm. When we tried to observe the CTB-binding pattern of the ejaculated sperm using the fixative, the acrosomal region was stained by CTB on the ejaculated sperm collected from the vagina and uterus (data not shown). Unfortunately, the anti-SVS2 antibody could not react with the sperm fixed using the strong fixative, so we could not use the fixative for the purpose to compare the localization between SVS2 and GM1 on sperm head. In order to reveal decapacitation mechanisms by SVS2, we would like to identify the dynamics of SVS2, GM1, and lipid raft on sperm in the near future.
